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Summary Injuries to and around the wrist are of common occurrence. However,
disability following these injuries both in the short and long term is common. Early
accurate diagnosis is of paramount importance and in thosewho have no obvious injury,
advice regarding mobilization is necessary. In this context, we put early MRI to the test
to assess if therewere advantages of early scanning. All patientswho attendedCasualty
following a wrist injury and had normal plain films but a high index of clinical suspicion
for an underlying injury underwent a MRI scan. The results of this series which to our
knowledge is the largest series indicate significant difference to patient management.
Early MRI is clearly superior to plain film assessment. Patient follow-up, further
diagnostic evaluation, and need for surgery and also patient to surgeon communication
can significantly improve following early MRI. Patients are also likely to appreciate the
options available to them better following MRI.
# 2006 Elsevier Ltd. All rights reserved.Introduction
MRI is being increasingly used in the early diagnosis
of wrist injuries following trauma. While scaphoid is
considered to be the commonest bone fractured
there are many instances of undiagnosed injury on
plain films. While complications of scaphoid frac-
tures have been recognised there remains a risk of
not identifying other wrist injuries, which can have a
significant bearing on patient management. We
report the largest series to date of MRI in wrist
injuries with normal plain films.* Corresponding author. Tel.: +44 122 455 2517;
fax: +44 122 455 4519.
E-mail address: rajen2020@yahoo.com (R. Sinha).
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Open access under the Elsevier OA licMaterials and methods
Patients
This is a retrospective study from September 2002
till November 2005. All these patients attended A&E
following a wrist injury and had scaphoid film series
done. An A&E staff performed clinical assessment
and initial interpretation of the scaphoid series
radiographs following which a radiologist assessed
the films. In all the patients who had no evidence of
injury on the plain film but had a strong clinical
suspicion of underlying injury a MRI scan was per-
formed. This was based on significant anatomical
snuff box tenderness, pain on radial or ulnar devia-
tion or if there were signs of instability like a click.ense.
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than anticipated improvement in the first clinic visit
usually within a week following injury. Referral for
MRI was at the discretion of the A&E doctor, but it
was stated policy within the department that all
cases of suspected scaphoid fracture or other likely
significant injury would be referred for MRI. The
time interval between injury and MRI was on an
average 3 days (range: same day—26 days).
MRI protocol
MRI scans were performed in a 0.2 T low field dedi-
cated extremity scanner (Siemens). All patients
underwent coronal and sagittal scans as below:(a) Coronal short tau inversion recovery (STIR)
(repetition time (TR) 3100, echo time (TE) 48,
inversion time (TI) 70, four acquisitions, 4 mm
slice thickness, 18 cm field of view, matrix
128  256, acquisition time 5.54 min).(b) Coronal dual echo in the steady state (DESS)
(TR-43, TE-12, two acquisitions, 2 mm slice
thickness, 13 cm field of view, matrix
144  256, acquisition time 4.58 min).(c) Sagittal (T1) (TR-500, TE-15, five acquisitions,
4 mm slice thickness, 18 cm field of view, matrix
128  256, acquisition time 5.58 min).Table 1 Bony injuries (fractures)
Total 86(22.7%)
Scaphoid fracture only 26(6.9%)
Fracture of other bones 49(12.9%)
Combined scaphoid and other bone
fracture
7(1.85%)
Bony fracture and ligamentous injury 4
All injuries where scaphoid fracture
was present
35(9.26%)Since DESS is not a commonly used sequence it
has been described below. DESS uses both fast ima-
ging with steady state free precession (FISP) (steady
state gradient echo) and reversed FISP (PSIF), (con-
trast-enhanced gradient echo).
Dual echo steady state (DESS) acquires both FISP
and PSIF signals in the same repetition time. Follow-
ing separate reconstruction of both signals, the
strong T2 weighted PSIF is added to the FISP.
Advantages are increased signal to noise ratio
(SNR), measurement times similar to FISP, stronger
T2 contrast, useful in orthopaedic imaging providing
superior contrast between cartilage and synovial
fluid.
A single Musculoskeletal Radiologist subsequently
read all these scans. In all cases where a second
observer usually a Registrar read the scans the Con-
sultant Musculoskeletal Radiologist subsequently
checked them. Fracture was diagnosed if there was
a definite low signal line on T1 images which tra-
versed the scaphoid from one cortex to the other and
was associated with high signal on STIR. Bruising was
diagnosed when there was generalised low T1 signal
with increased T2 signal but no linear component.
While a 0.2 Tscanner is generally considered to be of
insufficient resolution to diagnose ligamentous inju-
ries the authors feel that there aremany instances ofindirect signs of ligamentous injury. In fact this is one
of the reasons for doing a sagittal scan; which in
addition to visualising fractures in this plane often
gives an indirect evidence of scapho-lunate ligament
injury. Criteria for a normal triangular fibrocartilage
disc (TFC complex) were defined as a low signal
structure at both radial and ulnar attachment with
a complete tear defined as a full thickness disconti-
nuity which extends through the articular disc. Only
the very definite ligamentous injuries were included
in this study.Results
Patients
Three hundred and seventy eight patients were
scanned. Average patient age was 34 years [range
12.8—86.7 years, standard deviation (S.D.) 18.7
years]. There were 174 female patients (46.2%)
and 204 male patients (53.8%). All patients were
tender in the region of the anatomical snuff box or
proximal carpus. In all of them free movements at
the wrist were painful.
As mentioned before all of them had X-ray sca-
phoid series, which were reported as normal. Two
hundred and fourteen, i.e. 56% of them had no
abnormalities on the scan. The rest 174, i.e. 44%
had some positive MRI finding.
Bony injury (fracture) was detected in 86, i.e.
22.7% of total. The scaphoid was involved in 35 (9.3%
of total or 40.7% of bony fractures) cases. Only the
scaphoid was fractured in 26 (6.9% of total or 30.2%
of bony injury). Other bones were fractured in 49
(12.9% of total or 56.7% of bony injury) the com-
monest being the distal radius followed by the
lunate and the radial styloid (see Table 1). The
scaphoid was involved with other bone fractures
in seven cases (Table 2). Table 3 shows association
of scaphoid fractures with other bony injuries the
commonest being the distal radius. Bony fracture
was involved with ligamentous injury (Table 4) in 4
and the commonest ligamentous injury to be
involved with a bony fracture was a TFC tear.
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Table 2 Incidence of non-scaphoid fractures
Distal radius 21(5.6%)
Radial styloid 6(1.6%)
Lunate 7
Capitate 5
Hamate 3
Triquetral 2
Fracture dislocation pisiform/triquetral 1
Base 2nd metacarpal 1
Lunate + base of 1st metacarpal 1
Trapezium 1
Trapezoid 1
Table 3 Involvement of scaphoid with other bone
fractures/dislocations
Other bone/s involved Number
Scaphoid Radius 2
Scaphoid Capitate, radial styloid 1
Scaphoid Triquetral 1
Scaphoid Capitate, triquetral 1
Scaphoid Scapholunate dislocation 1
Scaphoid Capitate 1
Total 7
Table 5 Isolated ligamentous injury without fractures
(n = 34)
Ligament involved Number
Triangular fibrocartilage (TFC) 11
Radial collateral 9
Scapho-lunate 5
Inter carpal ligaments 3
Scapho-trapezium-trapezoid 4
Scapho-trapezoid 2
Table 6 Miscellaneous findings related to trauma
(n = 21)
Findings Number
Scaphoid oedema 7
Effusion 7
Oedema distal radius 3
Soft tissue contusion 2
Trapezium oedema 1
Volar intercarpal segmental
instability (VISI)
1Thirty-eight patients (10%) had evidence of ligamen-
tous injury of which isolated ligamentous injury was
detected in 34 patients (Table 5), the commonest
was a TFC tear in 11 (2.9% of total or 28.9% of
ligamentous injuries) followed by a radial collateral
tear in 9 (Tables 4 and 5). The scapho-lunate liga-
ment was ruptured in 5.
A total of 35 patients had miscellaneous findings
of which 21 (Table 6) were trauma related and 14
(Table 7) were incidental.
Of the miscellaneous findings related to trauma
the commonest were scaphoid oedema and effusion
(seven each). Of the miscellaneous findings not
related to trauma the commonest was a scaphoid
cyst.
Clinical relevance of the above findings:(a) BTab
tou
Bo
Dis
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Sca
Scaone bruise: Patients with bone bruise were
explained that this meant microtrabecularle 4 Associations of bony fractures and ligamen-
s injuries (n = 4)
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(TFC) tear
1
ate TFC tear 1
phoid, capitate TFC tear 1
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Osfracture without cortical fracture and were
given a choice between immobilization and soft
splint. All the patients in this group chose immo-
bilization.(b) Fracture meant some sort of conservative or
operative treatment. If displaced CT would be
considered.(c) Ligamentous injury: Assessed for instability and
then either assessed further with arthroscopy
with/without operative treatment.Patient management
Following MRI the 86 patients with fractures and a
further 11 with evidence of bone bruise were immo-
bilised and followed up clinically. All the other
patients received a soft wrist splint which could
be worn for comfort for a few days. The patients
with ligamentous injuries were followed up in a softle 7 Miscellaneous findings not related to trauma
= 14)
dings Number
phoid cyst 4
C cyst 2
nate cyst 2
nate impingement 2
mate cyst 1
lar ganglion 1
st radius 1
teoarthritis 1
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no improvement after gentle exercise. Two MRI
diagnosed TFC tears and 1 scapho-lunate tear went
on to have arthroscopy where the MRI findings were
confirmed. Three patients (1 with normal MRI and 2
with bone bruises) had another MRI before discharge
but the MRI appearance was unchanged from the
initial scan. Thus, as a result of early MRI 281
patients who had a strong clinical suspicion of a
scaphoid fracture and would have undergone immo-
bilization or splintage and fortnightly review (as is
the protocol in our hospital and indeedmany others)
were discharged immediately with the option to
arrange an appointment if there was persisting dis-
ability. None from this group even after 6 months
had a fracture. More importantly the management
of 97 patients were made appropriate to their
injury.
A series of positive findings on MRI have been
illustrated below (see Figs. 1—10). Fig. 1 reveals a
fracture of the scaphoid in cor DESS and Fig. 1a is the
plain film on the same patient reported as normal.
Fig. 2 is a fracture of the radial styloid in sag T1 with
Fig. 2a being theplain filmof the samepatient. Note
the very subtle radiolucent line at the base of the
radial styloid seen in the A.P image which was
reported as normal. Fig. 3 reveals a cor DESS image
with a scaphoid and capitate fracture with Fig. 3a
the plain film of the same patient. While this plain
film reported the scaphoid fracture the capitate
fracture was not visualised. Fig. 4 reveals high
signal in lunate in cor STIR — this was diagnosed
as bone bruise; Fig. 4a — the plain film of the same
patient was normal. The authors feel that even
diagnosing bone bruise in the lunate is of clinical
relevance as this is a bone that can develop avas-
cular necrosis though this is less likely with undis-
placed fractures. Fig. 5 is a cor DESS image
revealing a full thickness TFC tear as this was also
associated with fluid signal at the ulnar attachment
of the TFC which was different to the pre-styloid
recess. The plain film of the same patient Fig. 5a
was normal. Fig. 6 reveals high signal in the sca-
phoid in the cor STIR with an apparent area of linear
low signal but this was not associated with a dis-
crete low signal line in T1 or cor DESS (Fig. 7). The
appearances were unusual but in keeping with
the accepted definition this was called bone bruise.
The patient was followed up with repeat radio-
graphs and a further MRI scan in 6 weeks. No frac-
ture in the scaphoid was noted. This was therefore
diagnosed as bone oedema. Fig. 8 shows the benefit
of sagittal scans. Note the dorsal lunate tilt which
indicated a possible scapho-lunate ligament rup-
ture. This was confirmed on arthroscopy. Fig. 9
reveals a fracture Triquetrum on cor DESS whileFig. 10 displays the benefit of sagittal slices where
a fracture hook of hamate was diagnosed in this sag
T1 image.
This study is the largest of its kind where 378
patients were followed up after presentation to A&E
following wrist injuries. All had negative plain film
findings. While there has been some doubt about the
reliability of ligamentous injuries in a 0.2 T scanner
only the more definitive cases were included in this
study. Some interesting findings appear to emanate
from this study:(a) When a scan was performed for an occult wrist
injury about slightly more than half of these
were normal.(b) About 23% or approximately one quarter had a
fracture not seen on plain film.(c) The other carpal bones were more commonly
involved than the scaphoid commonest of which
is the distal radius and lunate.(d) In a minority of patients with scaphoid fractures
it was the only fracture.(e) Bony fractures in the wrist were often asso-
ciated with suspected ligamentous injuries.
The commonest of in this study is a TFC injury.(f) Isolated ligamentous injuries without fractures
appear to be common and again as per this study
TFC tears are the commonest followed by the
radial collateral ligament and the scapho-
lunate ligaments. This needs further evaluation
with high field magnets and arthrographic
studies.(g) A proportion of patients did not have a directly
identified fracture but indirect signs like sca-
phoid oedema.(h) Other diagnostic possibilities should not be dis-
regarded in spite of the history of trauma and a
proportion of patients will reveal other pathol-
ogies like osteoarthritis and ulnar impingement.Implications of these findings:(a) Anatomical snuff box tenderness in the acute
setting is often a difficult sign to elicit and all
patients with persistent or significant tender-
ness in or around the wrist and normal plain
films need further evaluation with MRI.(b) A large number of patients following wrist injury
do not need plaster immobilization.(c) About a quarter of patients who had normal
plain films will need some sort of fracture treat-
ment.(d) It is important for the radiologist to be vigilant
for other fractures in the wrist like the distal
radius and the lunate and not just the sca-
phoid.
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Figure 1 (a) cor DESS–—fracture scaphoid. (b) Plain film of the patient reported as normal.
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Figure 2 (a) sag T1–—fracture radial styloid. (b) Plain film of the patient reported as normal (note the very subtle radial
styloid fracture).
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Figure 3 (a) cor DESS–—fracture scaphoid and capitate. (b) Plain film of the patient detected the scaphoid fracture but
not the capitate fracture.
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Figure 4 (a) cor STIR–—fracture lunate (bone oedema only). (b) Plain film of the patient reported as normal.(e) If ligamentous injury is suspected early referral
to the appropriate authority will be helpful
where immobilization or other modes of treat-
ment or further diagnostic workup like arthro-
scopy can be decided.(f) Higher field strength magnets and arthrographic
studies with MRI could be used in these patients
when they become available.(g) A proportion of patients will need management
for chronic conditions like osteoarthritis or ulnar
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Figure 5 (a) cor DESS–—note the full thickness TFC tear. (b) Plain film of the patient reported as normal.impingement and appropriate referral can be
organised.(h) Most importantly a more detailed discussion can
happen between the clinician and the patient
following MRI. The patient will also have a
greater choice in the type of follow-up, inter-
vention and management.Discussion
MRI has been widely used in detecting wrist injuries.
MRI is often more sensitive than plain films in early
diagnosis of these injuries.13 MRI is also considered
to be cost effective.3,6,18 While MRI has been
found to be very effective in diagnosing bony and
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Figure 6 cor STIR–—scaphoid bone oedema.
Figure 8 sag T1–—note the dorsal lunate tilt, there was a
scapholunate tear on arthroscopy.ligamentous injuries, it has not proved very effec-
tive in diagnosing cartilage injuries.10 Comparison of
low and middle field strengths of MRI found that
both 0.2 and 1.0 T were equivalent in terms of
diagnosing a fracture but the 1.0 T was superior in
terms of fracture details.2,11 0.2 T is also considered
to have less reliability in terms of diagnostic accu-
racy compared to middle and high field magnets.5Figure 7 cor DESS on same patient as Fig. 6–—no sca-
phoid fracture.In spite of these disadvantages low field MRI is
widely used in occult wrist injuries. They are useful
in detecting osseous, ligamentous and tendinous
lesions.1,15 MRI also can diagnose scaphoid fractures
in any plane.22 Niken et al.17 also suggested a short
MR imaging with a low field strength MR imaging
system following radiography in initial evaluation of
patients with acute wrist trauma. Remplik et al.19Figure 9 cor DESS–—fracture triquetral.
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Figure 10 sag T1–—fracture hamate.however did not favour MRI as an alternative to plain
film radiography. Early MRI was also widely advo-
cated following wrist injuries by Brydie and Raby.4
MRI (1.0 T) has been compared with arthroscopy
findings21 especially in relation to scapho-lunate
tears. MRI was found to have a sensitivity and
specificity of 71 and 86%, respectively, for scapho-
lunate ligament tears.
Multidetector CT and MRI16 has also been com-
pared and it was noted that CT has higher accuracy
in detecting occult cortical scaphoid fracture butwas
inferior to MRI in detecting trabecular injury. Kusano
et al.14 in a similar study suggested MRI as a useful
screeningmodality for occult scaphoid fracture. Ske-
letal scintigraphyhasalsobeencomparedwithCTand
MRI.8 The exact role of scintigraphy is yet to be
defined because in the injured wrist scaphoids some-
times will show uptake in the absence of CT or MRI
changes. CT however has been used in planning the
type of surgery in established scaphoid fractures as
also todevelopaclassification system.12Wrist arthro-
graphy has been used predominantly for assessing
TFCC tears7 and in a complementary role to assess
non-union of scaphoid fractures.20
In spite of the benefits of MRI an international
survey of Hospital practice in the imaging of acute
scaphoid trauma9 found marked inconsistency in the
imaging of acute scaphoid injury which the authors
felt were secondary to limited scientific evidence
regarding the ideal imaging in acute scaphoid
trauma.Conclusion
The usefulness of early MRI in plain film normal wrist
injuries has already been described; however, most
of these studies have limited number of patients and
concentrate almost completely on scaphoid inju-
ries. This study comprehensively proves the benefits
in detecting various other types of injuries as also
chronic conditions and injuries which might present
in the acute setting.References
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